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Semioonductor laser dovice. 

To overcome the dilemma on deyicadesign In 

conventional weak wav^uWe^^ ano 
SucLre laser, realize higher output and lower 
SSn of radiation beam, and im^'ethe 
wavTOUide mode, on both sides of an a^ 
Sni) «X blocking layers (3.5) for reduc- 
5 tt^Uveguide function of ^^J^^L^ 
^1 provided, and wavegu.de 
provided on both outer sides of the 
Stocking laye.s. ^nd dadd..^ layers r ,7> ^e 
Diovid«l on both outer sides of the wav^uwe 
ti^ active layer (4) is lamination of 6|de 
K layere (12.14) and a quantum «ell layer 
(13) sandwiched therebetween, or s«te Wff^ 
laveis and a quantum well layer and a bamer 
Sl^'^dwtehed therebetween, .tb* «»mP^ 
K ^the quantum well layer "S Q^^^ 
m e<v<1 0), and the carrier blocking lai!,er» are 
S£S o? a malerial having a v^^er band gap and 
a tower refractive index than the materaJ of the 
waveguide layers. 



FIG. 2 

■-^7p-TTPB CLADDIHO LA YEA 

A ACTIVE 1>YEF 
2N-TTPe WAVECUIDE LAYER 
)lt-TYP« CLADDING LAYEK 




5P-TYPE CAWllHB »»L0C»XNO LAYE»< 

^- ■l2ai»B PAltHIER 1>YSII 

UOUANtUH WBLU LAYWl 
-KbaBB1£K tAY&B 
3 N-TYPB CAWtlEfi BLOCXINC VAYFR 



ACTIVE UAYKB energy »ANl> PIACBA** 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention 



THe prBsent Invention relates to industrial ^^^^^^^^^^^^^ 
among orders, communications, optical disks and ^J^J!! 2*^^' Lid 
cations, and !a«er machining. More particu arty rt ralatesto J ^^^^^^^3^^^^^^^ ,ow radiation angle 

state laser or exciting a harmonic (generation device) that may requ.re a laser oeam wi 
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and high power, 
2. Description of the Related Art 
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cat^^tmphic optica, damage (COD). To -oW th. c^^^^^^ ►^-ing aThin active layer 

laser by expanding the waveguide mode (n^rt.sld ^^^"'l:^^ have l>een studied, 

and separate conf inenient type lasers caned arge ^^P''^' <^°2een i^e baS gap and refractive index 
in euch structures, however, since there « a doee ^"^^i" in^ a wa- 

of each mixed crystal system such as AlGaAa compound, earner conf uiement iignx 
veguide cannot be controlled independently, «tn.cture laser in Older to get a higher output, 

^ in particular, whether in weak waveguiding laser or .n stmctu^las^. ^^^^^^ ^^^^ ^ 

a thin active layer is needed for expanding ^J^^l'^ Ja^'^J;;^^^^^ of such contradiction. 

^^tttSregre^Is^^^^^^ 

has an inverted-V pn>f«e with exponential ta, J the rac^ahcnde^^^ 

is higher for certain entire beam intensity^ -t is ™f ^f^^^^^^^^^d^^^^^ deep tail into the cladding 
of a relatively thick cladding layer is needed because the wavegurfe m«te oraws 

Moreover, in t»th waveguide mode and ...atK,„ pa^rn^^^^^^^ 

the weal Gaussian beam, and ihe ^J^tTs'S^r^^^^^ 

Studies have been also made into the "^^'^^^ not injecting car- 

r.7e?r°t?etirrrsrr^ 

I Jdut^lrTaSS Tut the device is compHcat^ and other problems are .nvolved. 
40 SUHylMARY OF TWE INVENTION 

MOCVD (metal "^"•'^T^'^Z^^^^''^^-^''^ '^"^"^ 

of radiation beam, and improve the waveguide mode^ 

The invention has the followng means to ^^^J^^^^^Z^^,^^^,, «^er blocking layersfor reducing 
That is. inasemiconductorlaserdev.ce.on^*jjd^ crt 8^^^^ ^^.^^ 
the waveguiding function of the active layer are provided, and waveguiae >ay 

sides of the carrier blocking layers. a'^.^,_..^^.^^^guide layers. TheacAivelayerisaia^^^ 

cladding layers are provided on both o^^^^'^^^^^^^^^Tj^; „ g lamination of outermost side 
Of side barrier layers and a quantum well layer adjacent quantum 

ba,rierlaye«.andatleastlwoquarrtumweinaye^anda^^^^^ 

waveguide layer. ..^^^^ hv rfiractiv measuring in a thin layer state. Accordingly, 
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publication. Journal of Applied Pttysics (USA), Vol. 60. No. 2. 15 July. 1986. P.754-767 

AaforGalnAs there is no detailed data about dependence of the reflective Index In bulkon the wavelength 
and composition, but it can be determined, for example, in one of the following methods. That is. (1 ) a bulk is 
prepared and measured. (2) It Is estimated from the band gap of GalnAs. and (3) the refractive index » de- 
5 termined so as to be fitted by calculation with the radiation pattern (far field pattern) of output light of the sem- 
iconductor laser using the quantum well layer of GalnAs. 

The invention also provides a semiconductor laser device, in which carrier blocking layers are provided 
on both outer sides of an active layer formed in a vertical direction from the device surface, the active layer 
is a lamination of side barrier layers and a quantum well layer sandwiched therebetween, or side barrleriayera 
10 and a quantum well layer and a barrier layer sandwiched therebetween, waveguide layers are provided on both 
outer sides of the carrier blocking layer, cladding layers are provided on both outer sides of tiie vravegurie lay- 
ers. the composition of the quantum well layer is Mfia,.J\s (0^0.2) or Gajln,.^ (0.6<z<1.0) the com- 
position of the carrier blocking layer Is Al^a^ «A3 or (AI,Ga^,)Jn,^ (0^y-=0.3. 0.20^.83). and the wave- 
guide layer and cladding layer are made of OaA* or mixed crystal semiconductor of AlAs and GaA» 
15 In this constitution, carrier blocking layers having a sufficient height for confining the earner into the active 

layer are provided on both sides of the active layer of the quantum well laser. The composition of the earner 
blocking layer Is AI^Ga,.^ or {AlyGa,.,)Jn^^P. whore the range of y is desired to be OSy<0.3. and z to be 
0,20^2^.83. and X can be restricted by Alcont«snt of wave guide layer. ^ -^u. 

By employing (ALGa,. ,),ln, JP composition, as compared with AI.Ga,. ^ having the same Wock height 
the content of Al is less, and elevation of power evel for initiating COD is expected. Further, the 9aP^ 
AI.Gai ^ Is 2.2 eV (when x = 1.0) at maximum, while that of (Al,Ga,.y)avlno.«P ^ 2.4 eV even in the direct 
band gap region, so that it can cope with the shorlsning of oscillation v^avelength. (AI,Ga,. yMn^«s lattice- 
matched with GaAs. butlattice-mismalching (Al,Gavy),lnv,P). needless to say. is valid as far as Z Is m a range 
of 0 20 to 0.83. i-e., in strained super-lattle scheme not causing lattice relaxation. 

When the thicknesses of the active layer region and can-iar blocking layer is set to be small enough com- 
pared with the oscillation wavelength, the waveguidlng functions of the active layer region and carter blocking 
layer can be canceted out In such conditions. th» waveguide layer and cladding layers having a ^w refractive 
index on both sides of waveguide layer or a wid« waveguiding layers composed of linear or «'"«"atic gjad^ 
index structure are formed only for the control oF light guide. As a result, designmg the waN^gu.do mode con> 
plelaly independent of the active layer design parameter. Is possible, ao that a waveguide mode close to a 
Gaussian beam of high output and low divergence angle may be obtained. ..„i^™i„rtor i«er 

in the conventionaJ structure, in order to have a higher output of the quantum well ^'>'^'^"^^^'^f^^' 
by avoiding COD of the facet or to reduce the beam radiation divergence angle. It is necessary to ^''Pand «ie 
waveguide mode by setting to soH^alled weak waveguide. In the optical gain in the 

te a^in limit Jseen in the gain saturation .Df the quantum well laser, for example. Accordingly, for main- 
SinirgrJ:SlL^intheexpandsdwavegllidemode,asamatterofcou^e.furt^^^^^ 
tum wen is required, and it causes contradiction with the weak wavegoWe structure, and hence it was a di- 
lemma in the designing the laser diode of high .jutput and low ladiation beam angle, 
^ng to the presence of the carrier blocking layer possessing the antnwaveguide funcUon^ "umber 
of qSlwellsLgivinfl an optical gain necessary forftsosdUation can be sat independently of tl^^^ 

w^rgulTfomT^^^ in paSicular. after canceling the waveguiding function of the active '^y';,^" -^"L^. 
Xwaveguiding function of the carrier blocking layer, it is possible to introduce a wavogu-de r^de control 
stnilreTSng a refractive index distributton of stepped, linear or quadratic curve as shown in Figs. 1A-1C. 

« '^"Sl i^er^XlayTby doping about 10ia/cm=. of ^type dopant on p-side and "-^pe dopant on 
nJe, theSI^rtive carrier blocking and the n^auction of 6^^^^ 

'^MorsSSy'^r^nSLtion of the ^vegu.ding functions anx.nd the active layer region Is consid- 

«, ^'"''T^/^iizedfrequencyVoasanindextothewaveguid.ngfuncU^^ 
following formula. 

Vo = n-di/X^N,2 - No^)*^ 
In the case of a multi-quantum well having m quantum well layera. the normalization frequency Vo .s de- 
f ined as the following formula. _ ^^ ^ ^^ ^ ^ ^^^^ _ ^^^ ^ 

on the other hand, the Index to the a^ti-waveguiding function of a carrier blocking layer having a low 
refractive index is defined as the following formula. 
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where k is the ratk) Of the circumference Of a circle to its diameter, X is the oscillation wavelength, No 
is the refractive Index of waveguide layer (the meximum value is employed where there is a refractive index 
distribution in the waveguide layer). di Is the thickness of a quantum well layer, Ni i& the refractive index of 
5 quantum well layer. d2 is the thickness of carrier blocking layer, and is the refractive Index of carrier blocking 
layer. 

Vo =5 2Vi te a requirement for the cancelJation of the waveguide functions of the actfve layer and carrier 
blocking layer, and when 1 2V, - Vq I <^ Vi, that is 7</3 < V,<Vo, the cancellation is nearly realized. 

When the waveguiding functions of the active layer and carrier blotting layer are canceled, the waveguide 
10 mode can be independently controlled by the surrounding waveguide (ayerand cladding layer. In any structure 
as shown In Figs, 1A-1C, the cut-off status for higher nriode is desired for the sake of single mode osciltation. 
Concerning the waveguide structure of step index type In Fig. 1A, this waveguide mode can be described by 
normalized frequency V2, and can be defined n the following formula. 

1$ where n is the ratio of the circumference of a cLrde to Its diameter, X is the oscillation wavelength, dj is the 
thidcnoss between both cladding layers, and N3 is the refractive index of cladding layer. Incidentally, since the 
waveguide mode is a sine-functional profile in the waveguide oore layer, and exponential tails into the cladding 
layers, the waveguide mode Is brought dose to l)ie Gaussian function with the increase of the nomialization 
frequency V^. !n the symmetric slab waveguide, 'vhen the normalization frequency V2 is less than 7c/2, it is a 

20 single-mode waveguide. In the waveguide structure dose to symmetry, the probability of excitation of odd- 
number order mode is almost nil. and therefore ty raising the nonmalization f requency V further up to about 
ft to bring the mode dosar to the Gaussian profile, the same effect is obtained without Inducing odd-number 
order mode oscillation. In all embodiments, V2 is designed to be dose to 

Even In the case of > «, fundamental mode osdilation will be obtained, since higher order modes have 

25 additional coupling loss with the substrate and cap layer (actually, in all embodiments with V2 = 1 .1 we ob- 
served fundamental mode oscillatton)- 

Therefore, fundamental mode operation with near Gauswsian pHf lies will be realized in the range* < 
V2 < 2«. 

By calculating the waveguide mode in the multi-layered structure, an waveguide mode dose to the Gaus- 
so Stan profile, nearly raized under the condition Of Vi < Va/10, 

Furthermore, by the use of the graded index {Structure as shown in Figs. 1 B. 1C, the oscillation mode can 
be further brought closer to the Gaussian profile.. 

The carrier blocking layer must confine the carrier effecb'vely in the active layer The Inventors repeatedly 
fabricated trial semiconductor lasers and discovered that, when the composition of the carrier blocking layer 
35 is Ali^Gavz-diAs, and the composition of the waveguide layer is Al^GavzAs (when z is changing, the minimum 
value Is employed), and the thickness of the carrier blocking layer Is 6^ (angstroms), the canier can be effec- 
tively confined in the active layer on condition that 

dz > 2,2 X 1<y»/d3,a, 

At the same time, the near Gaussian mode profile condition 
40 Vi<Va/10 
can be expressed by using dz, dj as follows 

dz<5.0 X io^yd^ 

Owing to this effect, as compared with the conventtonal separated confinement hetero-struciure (5CH), a dad- 
ding layer with a lower Al content is realaed. 
4B Furthermore* the inventors repeatedly fabricated trila! semiconductor lasers having a carrier btocklng layer 

of (AlyCai.y)zlni. jP and as a result found that more generally, when the relationship of the energy gap BJ^^V) 
of carrier blocking layer, thickness d^ (angstronw) of carrier blocking layer, and energy gap Egd of waveguide 
layer (eV, the minimum value is employed where- there is a distribution in energy gap) is as follows 

Eg..E=gd>2.5x low. 

so the can-ier can be sufficiently and effectively confined in the active layer. Besides, the near Gaussian mode 
profile condition 

Vi<V2/10 

is, by using E^., E^, dz, expressed as follows: 

55 Owing to this effect, as compared with the convt-mtional structure of SCH, a dadding layer of lower Al content 
la realized. 

The thickness and composition of carrier blocking layers of p-type and n-type are not always required to 
be equal to each other. In this case, supposing y^ of the p-type carrier blocking layer to be Vip, and of the 
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n-type carrier blocking layer to be V^, ^"""^ ^"^[^^^"^^ ^^^^^ 

''^TSlt'TSiteSrra^^roStte a «e.iconU.ctor laser h.vln. a proper t-ea. ^^^^^^^ 
aff icLncl ITS Son beam angle. Besidas. fe possible to fabricate 3 Wgh P<>^- ^^^^^^^^ 
Sa s^?L sh^-Jure while avoiding COD on the end face. At tt,« -"'^ ^^"^^""^ 

and thermal restetanoe are low. it is possible to operate at a hHjh current density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Othcrandfunherobjectsjaaturos. and advantagesofthalnvention will ben,oraexpllcitf^thefo^ 

detailed deacriptlon taken with reference to the l''^^ "f^,;^''^^ ^^^^ the structure of a samfcon- 
Figa 1A-1C are schematic sectional views in the epitaxial direction siHJwing we sw 

vtewshow^gthe atruotureofexamp.es 1-52 of the invention and con^par- 

ative example 4; ^ ^♦r,.^.if«rrf<^Mrative examples 1-3 of the Invention; 

?ii?i;rnr?rsrnrorer^^^^ 

B near field patterns of exampV^ 4-8 ^-^P-^^^^;^^*: w the irvTnSon- 
fS. 6 Show, nearf ie.d patterns of exarripies -J ^^^J.^xX^J fomi i^^^n; 
Fig. 7 shows near field patterns of examples 14-17 ^^"l^^^'^SmZ^T with the width of the car- 

Fig. 10 sho^s near field patterns o e)«rnpl^ 21-25 and ^^^^J^J l^^^ ^ 

R9.17.liow.«..Ch»«»osIl<50l l^^, JTZ^ o ftpvloo p>rm„l««; tl» Mrlpo width 

on the front and rear facets. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODlMEtTTS 

semiconductor thin layer manufacturing ^PP^^l^ ^^^^ Z^oZm Fig. 2. on an n-type substrate 
IS 1, S™» L™on, =nd\« n-w. CP -yr ,f I«™<i » th. » l.y... 
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In examples 1 to 17, the specific constitution of each layer is as follows, 
n-type cap layer 11 
Thidcness : 0,3 vim 
Composition : GaAs 
5 p-type dadding layer 7 
Thickness M.Ojun 
OCMTiposltion : AIo.i s^Sao^sAs 
p-type wavefluido layer 6 
Thickness : 0.80 mn 

10 Composition : Alo.o6^^*95As 
n-type waveguide layer 2 
Thickness : 0,80 ^m 

Compooilion : Alo.05Gao.05As 
n-type cladding layer 1 
15 Thickness : 1.0 jun 

Composition: : Alo.i6<3ao.a6As 
n- type buffer layer 10 
Thickness :0.5nm 
Composition : GaAs 
20 n-type sut^strate 8 

^£ «?mp.«s 18 toT^ccmparatrva ex^ple 4. the specific «>— n of each layar a»fo..aws. 
n-type cap layer 11 
Thickness ; 0.3 tun 

25 Composition : GaAs 
p-type cladding layer? 
Thtekness -.I.Opm 
Compos'ttion : Alatt^acssAs 
p-type waveguide layer 6 
so Thickness : 0.40 nm 

Composition : Alo.6Qa6.7BAs 
n-type waveguide layer 2 
Thickness : 0.40 iim 

Composition : AIa25Q3c.7sAs 
35 n-type cladding layer 1 
Thickness : 1.0 vim 

Composition : Ala.32Qao.69As 
n-type buffer layer 10 
Thickness : 0.5 >im 

40 Composition - GaAs 
n-type substrate 
CompositkMi :(100)GaAs 

In example 35, the specific constitution oF eac^ layer is as follows. 

n-type cap layer 11 
45 Thid^ness :0.3nm 

Composition : GaAs 

p-type cladding layer 7 

Thidcness :1.0jim 

Composition : Alo.67Gao.43As 
50 p-type waveguide layer 6 

Thickness : 0.40 vim 

composition: Alaw^o.soAs 

n-type waveguide layer 2 

Thickness : 0,40 ^m 
55 composition : Alo.5oGoo,eoAs 

n-type dadding layer 1 

Thickness il.O^im 

Composition ; AIcs/Gao^daAs 
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n-type buffer iay^ 1 0 
Thickness : 0.5 nm 

Composition : GaAs 
n-type substrate 8 
5 Composition : (100)GaA3 

Jh& structure of cctfnparative examples 1 and 2 is shown in Fig, 3, On an n-type substrate 8 connposed 
of GaAs, an n-type buffer layer 1 0 of 0.5 urn In thickness was formed, and an n-type dadding layer 1 , an active 
Iayer4. and a p-type cladding layer 7 were sequentially formed thereon, and an n-type cap layer 11 was formed 
as the top layer. 

10 In oompareoiva example 1 , the specific constitution of each layer b as follows, 

n-typo cap layer 11 

Thickness : 0.3 pjn 

Composition : OaAs 

p-typo cladding layer 7 
15 Thickness : 1.5 \im 

Composition : Al^joO^j^ 

n-type cladding layer 1 

Thickness M.S^m 

Composition : Ata^6ao.7eAs 
20 n-type buffer layer 1 0 

Thickness : 0.5 

Compo9ltk>n : GaAs 

n^ype substrate 8 

Composition ; (100)GaA5 
25 In comparative example 2. the specific constitution of each layer is as follows. 

n-type cap layer 11 

Thickness ; 0.3 yim 

Composition : GaAs 

p-type cladding layer 7 
30 Thickness : 1.5 nm 

Composition : Alo^Gao^asAs 

n-type cladding layer 1 

Thickness : 1,5 pm 

Composition : A1^6e^^.asAs 
35 n-type buffer layer 1 0 

Thickness : 0.5 \m\ 

Composition : GaAs 

n-type substrata 6 

Composition : (100)GaAs 
40 In examples 1 to 35, the active layer 4 is fommed in a region enclosed by the p-type carrier blod^lng layer 

6 and n-type carrier blocking layer 3, with four quantum wdl layers 13 Isolated by three barrier layers 14. be- 
tween sMe barrier layers 12 provided at inner wall side of the carrier blocking layers 5. 3, In the comparative 

examples, the active layer 4 is formed in a region enclosed by-side barriers 12, with four quantum wed layers 

13 isolated by three barrier layers 14. The specific constitution of the p-type carrier blocking layer 5, n-type 
45 canler blocking layer 3, and actwe layer 4 differs In each example and comparative example, and is explained 

by referring to Tables 1-13. 
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Table 1 



10 


Layer 


Example 1 




txanpie 3 




yes 




yes 


IS 


Th lcknes5 (angstroms ) 


80 


9nfl 


500 


Comp^ition: AUGa^.^As 






v~n 1 




Side barrier layer 12 


ye? 


yes 


yes 


20 


Thickness (angstroms) 






>vv 




Composition: MnQ^j.^Xs 


x-0,05 




■^-rt fit 


25 


Quantua itell layer 13 


yes 


Jr W 


yes 




Quantity of layer 


4 


i 


4 


SO 


Thickness (angstroms) 


80 


Ow 






Cojoposition: Gaylni-^As 


y=O.S 




y=0-8 


35 


Barrier layer 14 


yes 


yes 


yes 




Th i ckness (an^s t r o bis ) 


50 


50 


50 


40 


Coapositioo: AlwGai-„As 


x-0.l)5 


x=0.05 


X-O.05 




^ -type carrier blocking " 
layer ? (yes/co) 


yej* 


yes 


yes 


45 


Thickness{angstroiDs) 


80 


200 


500 




Composition: Al«Gai-,As 


x^O.l 


x=0.1 


x^O.l 



50 



56 



£1 
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Table 2 



10 


Layer 


BxafBj>Ie 1 


Exaopie 5 


Exasple 6 




P"type carrier blorlrtn^ 
layer 5 <yes/no> 


yes 


yes 


yes 


15 


Thickness (angstroms) 




150 


300 




Conpoaition: AUGai^^As 




x=0,2 


x=0.2 


20 


Side barrier layer 12 


yes 


yes 


yes 




Tb 1 cltft6frs (angstrojis) 


500 


500 


500 


25 


CooposUlont AUGa, «As 


x-0.05 


X"0.05 


x=0.05 


QuaotuD veil lay^r 13 


yes 


yes 


yes 




Qaankity of layer 


4 


4 


4 


30 


Tfa i ckqe$s(3n^strcn]s ) 


80 


80 


80 ; 




Cofiipo^ifcioa! Ga^^Im-rAa 


y-O.B 


y-0*8 


y>0.8 : 




Barrier layer 14 


yes 


yes 


yes 




Thickness (aogstroias) 


50 


50 


50 , 

1 


40 


Coffipositioo; Aln(?ai-*As 


x=O.05 


x=0.05 


x=0.0^ 




N-type carrier blocking 
l*3rer 3 <yes/no) 


yea 


yes 


yes : 

! 


45 


Thickness (angstroms) 


80 


150 


300 i 




CojDposition; AUCai-^A? 






X«0.2 : 



90 
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Table 3 



10 


1 L&ycr 


Exaaple 7 


1 Example 8 
yes 


Bxasple 9 
yes 


15 




500 


750 


50 




1 CoiKPOsit ton* At do. 


x=Q.2 


x=0,2 


x=0.3 


20 


1 Side barrlfir lavpr i? 


yes 


yes 


ye^3 


1 Thickness {aitf^t ^ 


500 j 


500 


500 


25 


1 CofflPOsi'tf An - A1 (t^ 1_ 


x=0,05 




x=0.05= 


1 xuaiituiii well Jayer |3 


yes 


yes 


yes 






1 


4 


i 


30 




SO { 


80 


80 




1 Cofflpositlon: Ca*.Ia,.,,As 






y-v-5 ! 


35 


Baxrier layer 14 


yes 


yes 


yes 




1 Thickness(an$sl:roiQs) 


SO 1 


50 


50 


40 


1 CcBposition: AlM(;ai,HA3 


x«O.05 


x=0.05 


x=o.05 ; 




N-type carrier blocking " 
layer 3 (yes/nc) 


yes 


yes 


yes 


43 


Th i ckness (angstroms) 


50Q 1 


750 


50 i 




Conposltion: AI«Gai.xAs 


x=0*2 


X=0.2 


x=0.3 i 



50 



55 



10 
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Table { 





Lay^r 


Exanplc 10 


fixaaple 11 


BxaotDlt! f2 


10 


['-type carrier blocHing 
layer 5 (yes/oo) 


yefi 


ye9 


yes 




Thickness (angstroQis} 


100 


200 


300 


15 


Copposition: AUGat->As 


x=0,:: 


x=0.3 


x=0.3 




Side barrier layer 12 


yes 


yes 


yos 


20 


Thickness (angstroms) 


500 


500 


500 




Cooposition: AKflaj As 


x=0.05 


x=0-05 




25 


Quantua irell layer 13 




yes 


yes 




Quaatity of layer 


4 


4 


i 


30 


Tfal ckoess (an^^troiDS ) 


80 


SO 


so 




ConpositloD: Ga^Ia,.,A$ 


y-0 J 


y=0.8 


y=0.8 : 


35 


Barrier layer U 


yes 


yes 


yes 




Tb ickness (aogs troi^s) 


50 


50 


50 


40 


Conpositioa: AlxGai.itAs 


x^o.e5 


x^0.05 


x=0.05 ; 




N-type earner biocking 
layer 3 (yes/no) 


yes 


yes 


yes 1 


45 


Thickness (antfstroBs) 


iOO 


200 


300 i 

! 




Co9f03ltion: AIx6ai..As 


x=0,3 




x=0.3 : 



GO 



SS 
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10 



IS 



20 



2S 



SO 



55 



40 



45 



SO 



Tabic 5 

Layer 

H-typ« carrier bUcfci?? 
layer 5 (yes/no) ^ 



Compoflitlon: AUGa:-.Ag 



Side barrier layer 12 



ThickDcss(an«$troas) 



Coflpoalti on: AU(;a,.,As 
tjuantuji well layer 13 
Quantity of Uycr 



Thickpess (angstroms) 



Composition: Ca>,In,«,As 



Barrier layer H 



ThIcknes$(a&^stroBi9} 



Composition: Al,Ga,,KA3 



fl-Lype carrier bJcckin? 
3w 3 (yes/Do) ^ 



Thickqess<an8stroD9> 



[Composition! A^Cai-xAs 




56 
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Table ( 







10 


Layer 


£}caA]pje 16 


Example 17 


CoDparatl ve 


^;type carrier blocking' 
layer 5 (yesAo) 




yes 


. —Exappl^ I 
no 




Thickness (aogstroiBs) 




600 




16 


Composition: AJxGa,..As 


w •^A i 
X-y, 4 








Side barrier layer 12 


yes 


yes 


/ Ca 


20 


Thickness (ao^stroflis) 


r A n 


500 


500 




Cowposition: AUQai-xAs 




x^0,05 


x=0.05 


25 


QuaDtuiD nell layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness (a&gstrons) 


SO 


80 


80 




Coffiposftlon: Ca,inj.^As 
Barrier layer 14 




y=0,8 


y-u- 6 


35 


yes 


yes 


yes 




Ih i ck n ess (an gs t ro Bs) 


50 


50 


50 


40 

J 


Couposilioa; Al^ga.-.As 
M'type carrier diockin* ~ 




x^O.OS 


x=0-05: 




layer 3 (ye$/no) * 


ye^ 


yes 


no ' 1 


1 


Fh i ckfl e ss ( anga trojss ) 


250 


(00 




C 


onposltlon: AI,Ga,.,As 


x=0.4 


x=0,4 1 





50 



13 
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Table 7 



1 Layer 


Exanple 18 1 Exasiple 19 


Example 20 


layer 5 (yes/co) 


yes 1 yes 


yes 




1 200 


500 




y=0-0 j 


y=0.0 1 


1 Side barrier layer 12 


ye^ yes 


yes 


Jb ickness (an gstrcfls ) 


500 500 


"500 


1 CofliposItioD: AUCai.^As 


^'0.25 x=0-25 


3c=0.25 


1 Quantua w^ll layer I? 


yfi5 yes 


yes 


J Quantity of layer 


4 4 


4 


Th i ckaess (angs t roas ) 


50 1 50 


50 


Composition: AKSa,.,A$ 
[ Barrier layer 14 


yes 


x=0 
yes 


x=0 
yes 


1 Thickness (angstroBs) 


50 ' 


50 


50 : 


CofflpositioD: AUGai-a? 
fl- type carrier blockinf " 




x=^0.25 




layer 3 (yes/no) 


yes 


yes 


yes . 


Tbickness (angstroiDs) 


SO 


200 


500 


^composition: 

(AlyGai-y)(^. *iIdo- oP 


y^0,0 


y=0.0 


y=0.fl ; 



14 
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5 

Table S 





Layer 

T*-lypccai iier blocking 


Exaffiple 21 


PxaiddIp 99 


Sxample 23 




layer 5 (yes/no) 


yes 


y 6S 


yes 




Thickness (aogstrniD?) 


80 


ISO 


Inn 




Coroposiiion; 
(AIyGa,-v)o, 51 In^?. ^sP 


y=0-04 




y-0 .U4 




Side barrier layer 12 


ye$ 




yes 




Thickness (angstroms) 


50O 








Cftaposltion: AlKGa,,>./is 




V- f) 7^ 


>£=0.25 


Quaatua well layer l? 


■■ 


ye? 


yes 


Quantity of layer 


4 


J 


4 


rhf cknefis (anigstroffls) 


50 






Co»|?D5itiQD: AlxCai-.As 








Barrier layer U 




yes 


ye$ 


j Thickness (aDg9troiDs) 


so 


50 


50 


1 Composition: AUGat-^As 




x=0.25 


x=0.25 


hl-typc carrier blocking ' 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness Cangstronjs) 


80 


ISO 


300 ; 


toajpcsuion: 




y=o.04 


y"0.04 



15 
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Table 9 



10 


Layer 


Bxasiple 24 


BxaiDple 25 


Example 26 


i;"T;ype carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 




Thickness (angstroios) 


500 


750 


50 


15 


Conposition; 


y-0.04 


y = 0 *04 


y=^0.08 




Side barrier layer 12 


yes 


yes 


yes 


20 


Th ickncss (an^st rows ) 


m 


500 


500 




CoDP09it]oii: AKGai-^As 




x=0.25 


x=0.25 


2$ 


QuantqiD veil lAyer 13 


yes 


yes 


yes 

¥ ^ ^ 




Quantity of layer 


i 


4 


4 


SO 


Th I ckness {ang s t romfl ) 


50 


50 


50 




Covipositioo: Ai^fiai^.A^ 


x=0 


x=0 


x=0 


35 


Barrier layer 14 


yes 


yes 


yes 




Thickness (angstroiBs) 


50 


50 


50 


40 


Cofiposition: AInGai-itAs 


x=0.25 


x^O.25 


x=0*25 




w-type carrier biociciag 
layer 3 (yes/no) 


ye:s 


yes 


yes ; 


45 


TbickQess(angstroiis) 


500 


750 


50 : 




toiDposttlcn: 




y"O,04 


y-0.08 



50 
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Table 10 




Layer 


Exanple 2? 


Exaople 2S 


Example 29 


10 


P-type carrier blocking 
layer 5 (yes/uo) 




yes 


yes 




Thickness Uftgatrgms) 


100 


200 


300 


15 


CoDposition: 
(AlrGai.ip)^. siIao. 43P 


y=0.08 


y-0.08 


y=0.08 




Side harrier layer 12 


yes 


yes 


yes 


20 


Tttic&De5s<ans$troiBs} 


500 


500 


500 




CojDposftion: Al.Gaj-^As 


x=(J.Z5 


x=0.25 




25 


QuaDtiiB well layer 13 


ye5 


yes 


yes 




Quantity of layer 


i 


4 


4 


90 


Thickness (aogstroios} 


5a 


50 


50 




Cooposition; Akfid,,«A!5 


x=0 


x-0 


_ — 


3& 


Barrier layer 14 


yes 


yes 


yes • 




Thickness (aD^stroBs) 


50 


50 


50 '■ 


40 


Cofipositlon; Al«Ca,.MAs 


x=0.?5 






N- type carrier piocKin^ 
layer ? (yes/no) 


yes 


yes 


yes . 


4$ 


Thickness (angstroAs) 


100 


200 


300 : 




uoisposltion: 












y^'O.OS 


y-0.08 


y=0.0j8 



SO 



55 
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* Table 11 





Layer 


Cxaople 30 


Example 3J 


£xanple 32 


10 


P-type carrier biockiDg 
layer 5 (yes/no) 


yes 


yes 


yes 




ThukDe5s(dngstroB5) 


600 


50 


100 


15 


Cojjpositioo; 


y=0.08 


y-0 J2 


y=0.l2 




Side barrier layer 12 


yes 


y^s 


yes 


20 


Thickness (angstroms) 


500 


500 


500 




CoJDPOsltlon; AKCai.^As 






'x-0.25 


2$ 


Quant^e veil layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


i ck n ess (an £s t r oss ) 


50 


50 


50 




Conposition: AUGai-xAs 




x=0 


x=0 


3S 


Barrier layer 14 


yes 


yes 


yes 




Th i ckDe$9 (angs t roas) 


50 


50 


50 


40 


Cofiiposition; AUGai,.As 






x=0.25i 




fl-type carrier blocking 
layer 3 (yes/jio) 


yes 


yes 


yes 




Thickness (aogstro&s) 


(00 


50 


100 : 


45 


toEposition: 
(AlrGai^,,)«/si Ino. 4.P 


y=0.08 


y'0J2 


y=0.12 

■ 1 



so 



18 
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Table 12 





Layer 


£xaopU 33 


Exanple 34 


ExaiDpIe 35 


1Q 


LiiS^c*^?"*?^ t locking 
layer 5 <yes/Do} 


yes 


yes 


yes 




Thickness (angetroDs) 


25C 


600 


200 


15 


(Al,Gat-.r)a. St la^. -laP 


y=0.l2 


y=0.12 


y=0.25 




Side barrier lay^r J2 


yes 


ye3 


yes 


20 


Ih ickness (angstrojBs) 


900 


500 


500 




Coaposltion: AIxGa,_xA5 




x=0.25 


x-0,50 


25 


Quantua layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


i 


4 


SC 


TliIcknc$s(ahgstroins) 


50 


50 


50 




CoBpcsition; Al«Sa,..As 




x^O 


x=0.2d 


35 


Barrier layer 14 


yes 


yes 


yes 




Thick&ess(aQg$troas> 


50 


50 


50 


40 


Coapositioo: AUOa,,«A$ 




x=0.25 


x«0..5o| 




W-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes ! 


46 


Thickness (angstrons) 


250 


500 


200 : 




CosipositlOB: 
(Al>pGai.r)o. silno. i%? 


y=0.l2 


y=0J2 


y=0.25; 



so 



35 

i 
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Table U 






5 


Layer 


Coisperative 


Coaparatlve 




fF-type carrier blocking 
layer 5 (yes/jio) 


no 


yes 


10 


1 Tliickness(angstroiis) 


— 


250 




j ^opposition: 


— 


j Alg.jGao.sAs 


15 


Side barrier layer 12 


yes 


yes 




Th ickness (angs t roDs) 


150 


500 




CoiDposition: AlxGa,,xAs 


x=0.25 


1 x=0,25 


25 


QuaDtujD well layer n 


yes 


yes 




Quantity of layer 


4 


4 


30 


Tbickness(angstroiis) 


50 


50 


35 


I Cojapositioa: AUGaj-^As 




' x-0 




1 Barrier layer H 


yes j 


yes 


40 


Th ickness (angstroas) 


50 1 


50 




1 Composition: Alx6ai-,As 


x=0,25 


x=0,25 


d$ 


rjf-type carrier blocking 
layer 3 (yes/DO) 


no 


yes 




• Thickness (angstroHs) 




250 


50 


Jt'OiDpositioii: 
(AlyGai.y)o. J I ^^P 




AIo* sGao. sAs; 



Rg- 2 shows an epitaxial growth profile of examples 1-52 and comparatrve example 4. Fig.i3 shows ^ 



»»Yamnjtf. iA_iT , cAoiiipfv j, rig. f SHOWS nsarTieJd pettei 

exampie 14-17 and comparative example 1. Fig. 9 shows near field patterns of examples 18 to 20 and 

2D 



com- 
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25 



30 



OS 



40 



45 
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""T^^i^ 1.1^^ "^'^'^^^ ^^^^^""^ 21-25 and compamtive example 2- Ra 11 

S£™^nit^^ cmiparativa example 2; Fffl. 14 .how3 near field patterns of example sfand uor^- 
b bS^S f^ri^H S T,"*^ ^"^ ''^^ ^"^'"""^ ^'"Po^tion diffemnce between the carrier 

hlh^^"'"^ ^"-^ confinement .«to is loS^^S te tho oacSS 

toier ^« t^n^'* °? ^"^'^'"S'y. V,<V^10 is desired. In the ,.„ge bX 

cinS^ wo^n^ Z ins.jff icient the temperature ch^^otedstlc of the L.hold 

current ,s worsened. An effective range ,s between two solid curves. Specifically, the condition 
20 ^established. 2.5 . ioVd^< Egs- Egd < 6.2 x iwd.^ 

And in the range where 

?n^thf r^J^''^"''''"^ at^i^layer fe^ptlmally ooireoted by the earner blockino layer 

and the mos^ preterable waveguide mode achieved. As dearfmm Figs. 4 to 12 and RT^i STvlJc 
vegulde semiconductor lasers of comparative example8land2ebowch^ 

«panra^L^HrS."h " " JT' ^^^"-"^ ^ ---P'««. even in the same mSe 

may occur, and as a result, as shown m Tables U and 15, together with the decrease of Al composition the 
optical damage power level could be extremely raised composition, the 

and rnote;L"i~^J? ^l- ^ ^'''"''^ "^"^ compaiath« examples 1. 2. decrease of radiation angle 
ofTaser^at^^So^^^^ recognized. In Tables 4-13. the oscillation wavelength 

of laser is about 810 nm to 690 nm. -n,e optical damage level is an optical output per facet 

in examples I-17, the composition of the quantum well layer is Ga^ln,. yAs (y = 0 8) and the oscillation 

and the compo8l^.oft of the waveguide layer and cladding layer. In this case, the composition of the waveSe 
^erandcladd.r^jyerissufficientatx = 0.2atmaximuminthe 

thrl?h^i^ S S'^P- f^** Zn diffusion fro.^. tHe surface 

through a SiOj mask, tnal diode chips with gam guided structure were fabricated by cJeaving and the oscillation 

a^.e T^*^:::;^ ^^'^ """^'^ on LD mount. TTie Jte^iSSthTSng 

In the examples 18-35 with (AlyGa,. ^)j„,.j> carrier block layer (osy<0.3 and O.zoszs 0.83), the compo- 



53 
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5 





r LD type 


Normal izei 

txgoilftnfy J 


J fiadlatioo angle 


Optical daaaee 








l) level fnR) 


10 


Exanple 1 




26* 


120 




Exaiaple 2 




26* 


120 


15 


Example 3 




25' 


120 




Exaaple i 




26* 


120 


20 




life 


26- 


120 1 




Bx&Dple 6 


I. lie 


25' 


130 


25 


Exaiaple 7 


I. IX 


24' 


• 130 j 




Exajople 8 


l.lw 


22* 


150 


30 


HxaiDple 9 


1.1 RT 


26* 


120 J 




Example 10 


l.lrr 


26- 


120 : 




ExaDpIe 11 


IAtc 


25* 


130 : 


36 


Example 12 


l.lff 


24* 


130 1 




Exanple 13 


l.I «r 


22* 


160 : 1 


40 




IAjc 


26* 


130 : 




Bxaople 15 


l.lJt 


25* 


130 i 


45 


Bxaople 1$ 


i.lts 




140 




Bxaople 17 




21* 


m 


SO 


vonporative 
Example 1 




53* 


«o 1 



22 
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Table 15 



iO 



IS 



SO 



25 



SO 



S9 



40 



46 



50 



1 — ■ 

|_ LD type 


ItforniaJize 
— tXfiqucncx. 






j ExaiDple 18 


1 .iTZ- 


29' 


jgypi f gift / 

150 


1 Wniple 19 


J.lTT 


27- 


160 


1 Exaaple 20 




24- 


180 


[ Exauple 21 




29* 


ISO 


Example 22 


l.I/r 


28* 




Bxanple 23 


1,1^ 


25* 


170 


J Example 24 


1 .1 ;r 


23* 


170 


1 Exaople 25 


IJ;z: 


2r 


170 


Exa»ple 26 


l.l;r 


29* 


150 


1 Exanple 27 




28* 


ito 


Example 2S 


\.\7t 


26* 


170 . 


Ex&Bple 29 




25* 


180 


BxanDle 




2r 


180 


Exaisple 31 


1.1 


29" 


130 


Example 32 




28* 


150 : 


Sxaoplc 33 




25* 


180 : 


Example '34 




21* 


ISO : 


Bxanple 35 


1.1a: 


28* 


100 ; 


j;oioparative 
Exajsple 2 


O.I ^ 1 


90 1 



ss 



in the following are described embodiments 36-62 In which the AJ contents of the waveguide layer barrier 
layer, end side t>efrier layer In the embodiments 1 -17 are changed to 0 • 
By the following reasons, the Al content of these layeis are changed to o- 

1) a burying process which will be necessary for more sophisticated structure, like index guide structure. 

2Z 
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DFB (di«ributed.fe«<, back, and so on) « facilitated, because the .agrowing interface is made to be Al- 

2) the thermal and electrical resistances are optimum in the Al content x of 0 

. ofeachTyTrr^';^';*'''*™^^""^*^^ 

n-typiSri'lT'"'' '^'"'^ ^""^^^ *° "^'""^ ''y^ ""^'^ 

Thicknass : 0.3 

Composition : GaAs 
10 P-typedaddinglayerr 
Thickne$5 :1.0um 
Composition : Alo.ioGao^ 
p-type waveguide layer 6 
Thickness : o.80 \im 
15 Composition : GaAs 
n-type waveguidd layer 2 
Thickness ; 0,80 \un 

Composition : GaAs 
n-type dadding layer 1 
20 Thickness rLOjim 

Composition : Aio.ioGao^ 
n-typa buffer layer 10 
Thickness ; 0.5 ^ 
Composiliqn : GaAs 
26 n-type substrate 8 

Composition ; (100)GaAs 

tution rer,a::'^aSr' '""^"'^ ''^•^'^ ^ '''' ' --tH 

n-type cap layer 11 
30 Thickness : 0.3 ^m 

Composition : GaAs 

P-type cladding layer 7 

Thickness :1,5fim 

Compoaftion ; Al^^iTGaoW^ 
35 n-type dadding layer 1 

Thidcness ; 1.5 ^ 

Composition : Al^^^yGacj^ 

n-type buffer layer 10 ; 
Thickness : 0.5 iim ' 

^ Composition : GaAs 

n-type substrate 6 ; 
Composition : (lOO)GaAs.pa 

contfntTo'l' o,i;^ton';*'''"''"* '^^^'''^ ^^'"P'^ 3 ctoa« not have enough temperature stability for the 



45 



50 



65 
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5 



Table 16 







layer 

^-iype carrier bJockrnT 


Example 36 




Example 38 


iayer 5 (yes/no) 


yea 




J yes 


rhicJtncss(aagstronis) 


SO 




500 


CoiDPositioik: AI^6ai_HA3 


x=fl.05 


x=0.fl5 


x-0.05 j 


S^de barrier layer 12 


yes 




yes 1 


Tb 3 ckness (an^ $ troms ) 


SOD 


500 


500 1 


Composition: AUGa,-,ji5 






x=0 1 


Quantai well layer H 


yes 




yes 1 


Quantity of layer 


4 


4 


1 


Tftlckness(angstroiBs) 


SO 


80 


so 1 


ConipOSltjOJl' GSoIn. Ao 




y=0,8 


y-O.ji J 


Barrier layer U 


yes 


y«3 


yes 1 


Th i c k ncss (an^st routs ) 


50 


50 


50 j 


Cowosition: AKGa,.,As 
l:il'PSC?»Tier blocking - 




x=0 


x=0 j 


iay«r 3 (yes/ao) 


yes 


ye^ 


yes 1 


Thickness (angstroms) 


SO 


20Q 


500 : n 


Composition: Al,Ga,..As 


x=0.05 


x=0.05 


x-0.05 
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Table 17 



10 


Laver 




iLxaapie 4v 


Exanpie 4] 


F-type carrier blocking 
layer 5 (yes/no) 






yes 


1$ 


Thickness (angstroiDs) 


ov 






CoiBpositioD! AlKGai-*,Ae 










Side barrier layer 12 




yes 


yes 


20 






7UU 






VII - nixv»i'^xn3 


x-U 


X-U 


A 


25 


Quantum isell lav^r Fl 


yes 


yes 


yes 






4 




4 


30 


•> 11 l^r A Ilc2l2l \4UQ5LrOlilS J 


0 A 


80 


80 




Composition; GarInt-,.As 


y=OJ 


y-0 .8 


y=^0 t 


3G 


Barrier layer H 


yes 


yes 


yes 




Thicknc99(aQS3trons) 


50 


50 


50 


40 


CospiysitioD: AUGa;.»,As 


x^O 


x=0 


x»0 




N-typ6 carrier blocking 
layer 3 (ye^/no) 


yea 


yes 


yes 


45 


Thickaess (angstroms) 


80 


ISO 


300 




CoBPOSltion; AKGai.iiAs 


Jt*0.15 


x=0.l5 


r=0.I5 



50 
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Table Ig 



1Q 


1 Layer 






Example H 




jiayer 5 (yw/no) 




yes 


yes 


1$ 


Tb i ckness (dDgs trons ) 


500 




50 




1 CcoposilJoti; AUGa,.,>\9 




X"0. 15 


x-0.25 


20 


I Side barrier layer 12 




yes 


yes 




Th i ckness (apgs troms ) 




SOD 


500 


2$ 


I Cooposition: AUGai->As 






x=0 


Quantua well layer 13 


yes 


yes 


yes 




Quantity of lay^r 




4 


i 


SO 


TIiickQes5(angstroffis) 


80 


JO 


80 1 




j Conposition: GarIn,,^As 


y=a.8 


yO.8 


y=0.5 


36 


Barrier layer M 


yes 


yea 


yes 




Thickness (aa^stroas) 


50 


50 


50 


40 


1 Compos it ion i Al«Ga,-,A5 
Rftype cdirier Mocking 


x=0 


x=0 


x^O 




layer 3 (yes/no) 


yes 


yes 


yes 




Thickness (aoigstroma) 


500 


750 


50 




Cooposltion; AlxGaj-.As 


x-0.15 


x=0.l5 





50 
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Table |9 



10 


Layer 

rP"type carrier hlAr-IrTVxi 


ExaapU i5 


Example 46 


Exaople 47 




[layer 5 (yesAor 


yas 


yes 


yes 


IS 


Thickn€s5{ang9troB5) 


lOD 


ZOO 


300 




[Composition: AIxGa,..A3 


x=0.25 


x=0.25 


)(=0.25 


20 


Mde tiarner layer 12 


yes 


yes 


yea 


1 TliickDcss(ang5troBs) 


500 


500 


500 


25 


Cofflpcsitioo; AUGa,-xAs 


x^e 




X=0 


lOuantuB well layer 13 


yea 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


|Tbickne8s(angstroBs) 


80 


SO 


80 






y»O.S 


y=O.J 


y=0.« 


35 


Barrier layer H 


yes 


ye« 


yea 




Thickoess (an^strpis) 


50 


50 


50 










40 


Composition: Al»C8,-»As 


x=0 


x-0 


x=0 




ll-type carrier blocking " 
layer 3 (yes/no) ^ 


yes 


yes 


yes 


4$ 


Thickoes9(angstrAa9) 


100 


200 


300 




CoBposItion: AUGa,.»As 


x=0.25 


x'0.25 


x=0.25 



SO 
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Table 20 



10 


Layer 


Example 4S 


Example 49 


Exaiople 50 


t'-type earner blocking 


yes 


yes 


yes 






600 


50 


100 


15 


COEDOsi t ion * Al^n;^. i« 


.25 


A «s f- 


x=0-3S 




Side barrier laver i? 


ye:? 


ye$ 


yes 


20 


Th i ckness ^ani^ 4t rna^ ) 




500 


500 




CoiDDOS 1 ^ i Afk * JIT Ac 


ti — Ci 

X = [l 


x-0 


x=0 


25 




yes' 


yes 


yes 






4 


4 


4 


30 




SO 


80 






CoDposition! Ga^Ini^yAs 


J W 1 D 


J U • 0 


■f-A 9 


36 


Barrier layer 14 


yes 


yes 


ye? 




Thickness (angstroo$) 


50 


50 


50 


40 


Composition: AUGa,-xAs 


x=0 


x=0 


x=o 




«-type carrier Diocking 
layer 3 <yefl/no) 


yest 


yes 


yes 


45 


TbickDessr(an^stroi03) 


600 


5a 


lOQ 




CofflposfticD: AInGai-KAs 


x=0.25 




x=0.35 



50 
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Tabl« 21 




Layer 


Example SI 


Exaiaple 52 


Cooperative 


10 


K-type earner plockiDg 
layer 5 (ycs/oQ) 


yes 


yes 


no 




Thickness (angstroms) 


250 


600 


— 


15 


CoDpositlon: AlkGa,,„As 


x=0J5 


x^O.35 


— 




Side barrier layer 12 


yef? 


yes 


yes 


20 


Thickoess(aagstroa$} 


500 


500 


500 




CowositSon: AJxGa,..As 




x-0 


x^O 


25 


Quantum wll layer 13 


yes 


yes 


ye& 




Quantity of layer 


4 


4 


4 


30 


Thickness(aAgstroiiis) 


80 


80 


SO 




Composition: Ga,Iji|-HAs 


y-0 J 


y=0.« 




35 


Barrier layer 14 


yes 


yes 


yes 




Th i ck aess (ao gs t r o os ) 


50 


50 


50 


40 


Composition: Al«Ga«.,tAs 


x^O 




x»0 




N" type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


no 


4$ 


Thicknes9(aftsstroa)s> 


250 


600 






Composition: AUGai.MAs 


x=0J5 


ir^O J5 





so 
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Table..22 



lo type 


Nornalized 


Radiation angTe 
[2Lvertical eoitaxJ^J dlr^ct^ftn 


^ Optical daoagc 

) level fnW^ 




l.l;r 


2S* 


not measured 


Bxaople 37 




26* 


not oeasured 




\.lfr 


25* 


noL ncasured 


Kitenple 39 


l.lK 


26* 


pot oeasured 


Exanple 40 


l-Inr 


26- 


m 


Example 41 


l.lx 


25* 


200 


Bxaople 42 


l.l TT 


24* 


200 


£x3Qple 43 


1 .1 « 


22* 


230 


Exaople 44 


1 .I^t 


26* 




Evanple AS 




26* 


180 


ExaApl« 4( 


l.lTzr 


25* 


200 


Example 47 


1 .1 »r 


24* 


200 


Example 48 


1 .I.TT 


22* 


220 


ExaiDpIe 49 


l.lTF 


26* 


180 


CxajBpIe SO 


I.It; 


25* 


200 


Example 51 


l.lfc 


24* 


210 


Exanple $2 


l.J w 


21* 


270 


Coiiparative 
Example 3 




33* 


120 


tonparative 
Exaople 4 




25* 


180 
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iO 



IS 



20 



25 



30 



35 



40 



Examples 36 to 52 correspond to examples 1 to 1 7, respectively, and comparative example 3 corresponds 
f.^^"^ ^"^P*^ ^' of radiation angle between the corresponding ones is Ia«s than 1% 

Zt^l^T T^^ ^'""''^ '^3^''^ ^ "^^ positioning (n FIfl. 8 is also same with each' 

corrosponding one. The improvement of COD Jevel can be seen in the Tables 14 and 22 

JL^i^rJ^^ characteristics of the laser power versus injectton current of the typical embodiments 
S^^l^^^tlj comparative example 4) with the device parameters optimized for continuous oscll- 
? JT^h ■ stripwidths are 50 jon, the cavity lengths are 900 ^. and the optical coat- 

ings wim me reriectivitres of 4% and 96% were applied on the front and rear facets. 

Comparative example 4 has the same epitaxy structure with example 33, but the (Alft.aGa««)o«ln«.aP 
earner b/ock layers are repfaced by A]o^Gao.sAs carrier block layers with the s^me thickne^ 

The output power levels of the these embodiments are higher than the values sported for the conventional 
broad-area laser diode with the same stripe widih. Also, example 33 (shown in Table 12) and example 51 
(Shown m Tabie 21) were proved to be superior to the comparative example 4 with the composition of the Al- 
^aAs to in the earner block layer and of the GaAs in the quantum well layer (shown in Table 13) 
o f^y^/"^ maximum laser power is about 2W for comparative Example 4 as oompa'red to about 

2.6W for Example 33 and about 2.eW for Example 51. 

o^-.^*^ ''nvention rnay be embodied in other specific forms without departing from the spirit or essential char- 
actensttcs thereof. The present embodiments are i:herefore to be considered in all respects as illustrath/e and 
not restrictive, the scope of the invention being indicated by the appended claims rather than by the Ibregoino 
r^T^ ? n changes which come within the meaning and the range of equivalency of the dairro are 
tnemfore Intended to be embraced therein. 



Claims 

1- A semiconductor laser device comprising: 

an active layer, carrier bio<*ing layers tor reducing the waveguide function of the active layer dis- 
posed on both sides of the active layer, 

waveguide layers disposed on both outer sides of the carrier blocking layers, and 
cladding layers disposed on both outer sides of the waveguide layers, 

wherein the active layer comprises a Jamination of side barrier layers and a quantum well layer 
sandwiched therebetween, or a lamination of outermost side barrier layers, and at least two quantum well 
layers and barrier layers sandwiched between adjacent quantum walJ layers and 

the compositton of the quant urn well layar is Gaylm. yAs (0.6<y<1 .0) , and the carrier blocking layers 
are made of a material whose band gap is larger and whose refractive index is lower than the material of 
the waveguide layers. 

2. The semiconductor laser device of dalm 1 , w.iBTBin the composition of the waveguide layers is AI^Gai 
xAs and the composition of the cladding layers is AI^Gai. «Aa, where, 0:sx<0.20. 

3. The semksonductorlaser device of dalm 2, wherein the refractive Index of the waveguide layers incr^ses 
gradually In the direction from the cladding layers side toward the carrier blocking layera side. 

4. The semiconductor laser device of daim 1 . wherein the index (nonnarized frequency) Vo for expressing 
^ the waveguiding function of the active layer defined as 

Vo = «-d,/X-(Nt2-Nei)o^ 
wherein n is the ratio of the circumference of a cirde to its diameter, X is the oscillation wavelength, d^ is 
the thickness of the quantum welt layer, No is the refractive index of the waveguide layer, employing the 
maximum value when a refractive index distribution exists in the waveguide layer, and is the refractive 
^ index of the quantum well layer and in the case of an active layer with m quantum well layers, Vo is mul- 

tiplied by m, 

the Index Vi (normalized frequency) expressing the anti-waveguiding function of the carrier block- 
ing layers is defined as 

Vi = rt-d:A-(No=-N22)0-5 
where d^ Is the thickness of the each earner blocking layer, and Nz le the refractive Index of the carrier 
blocking layers, 

the Index (nonnalized frequency) expressing the waveguiding function of the wavequide layers 
IS defined as ^ 

32 
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where d3 is the thickneas between Iwth cladding layers, and N3 Is the refractive Index of the claddinq lay- 
ers, and V, and are in the fdlowmg mnge: 

5* The semioonductDr laser device of daim 1 , \vherein the index (normalized frequency) for expressing 
the waveguide function of the waveguide layer is defined as 

V3 = 3t da/X - (No2 - ^3^)03 
whereifut is the ratio of the circumference of a cirde to its diameter, k is the oscillation wavelength, d. is 
the thickness between both cladding layers, and is the refractive index of the cladding iayer and 
the index V2 is in the fbUowing range; 

7t/;j <; Va < 2n, 

6. The semiconductor laser device of ciaim 4, wrherein the composition of the carrier blocking layers is Ai 
♦*ir<3ai-x-<i2As, the composition of the waveguide layers is AI^Ga^.^ (where the minimum value is errv 
ployed in case z is variable), and the thickness of the carrier blocking layere ie d^ (angstroma). and in 
this condition, dz (atomic ratio) is in the following range: 

d2>2.2 X iQs^da^ 

dz< 5.0 ^ 10</d*2 
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The semiconductor Jaaer device of daim 4. wherein Vo and V, are in the following range- 

A semiconductor laser device comprising an a:5tive layer, wherein carrier blocking layers provided on both 
outer skJes of the section of an active iayer fonned In the vertical direction from the device surface, v^ere- 
in ' 

the acth^e layer comprises a lamlnaUcn of side barrier layers and at least two quantum well layer 
sandwiched therebewteen. or a lamination of outermost side barrier layers, and at (east two qtiantum well 
layers and barrier layers sandwiched between adjacent quantum well layers, 

waveguide layers are provided on both outer sides of the carrier blocking layers, 
dadding layers are provided on both outer sides of the waveguide layers, and wherein 
the composition of each quantum weU layer la AlxGa,-/^ (OsxssO^) or GaJnvzAs (0.6<2<1 ,0), 
the composition of the carrier blocking layers Is {ASyOa^^)r\r\^.J^ ((^y<0,3. 0^0&'^.83). and 
the waveguide layers and dadding layers are composed of GaAs, or mixed crystal semkxinductor 
OfAlAsandQaAs. 

9. The semiconductor laser device of daim 8, wherein the refractive index of the waveguide layers increases 
gradually in the direction from the dadding lai'ers skje towart the carrier blocking layers side. 

10. The semiconductor laser device of daim 8 wherein the index (normalEed frequency) Vq for expressing 
"fo the waveguide funcifen of the active layer is defined as 

Vo ~ ic.d,yx-(N,2-No2)o^ 
where ?c IS the ratio of the drcumference of a ctrde to Its diameter, X is the oscillation wavelength, di is 
the thickness of the quantum welJ layer. No Is the ref racUve index of the waveguide layen employing the 
maximum value when a refractive Index distrib^ion exists In the waveguide layer, and ts the refractive 
index of the quantum well layer; in the case of a multi-quantum welt with m quantum well layers, Vo is 
multiplied by m, 

the index V, (noimallred frequency) expressing the anti-waveguide function of the carrier blocking 
layers ts defined as 

Vi = ft ^6 JK - (No* ' N22)o-s 
where di is the thickness of the carrier blocking layers, and N2 ia the refractive Index of the earner blocking 
layers, 

the index V^^ (noimaiized frequency) expressing the waveguide function of the waveguide layers 
ts defined as 

V2 = TC'dA W-Ns^)**-* 
where ds is the thickness between both dadding layere, and N3 is the refractive index of the dadding lay- 
ers, and V, and V2 are in the following range: 

Vt<Vj/10. 



4$ 
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12, 

10 



15 

13. 



The semiconductor laser deviw^ of daim 8, wherein the index (norma/ized frequency) for expressing 
the waveguide function of the active layer is defined as 

V2 = Tc . (No^ - N3^)f^ 
•*!lf '^l'^^''' circumference of a drcle to its diameter, x is the oscillation wavelength ds 
« the thickness between both daddins lay^a. and N, the refractive index of the dadding layers, and 
the index IS in the foUowing range: 

The semicondiictor laser device of daim 1 0, wherein the relation of the energy gap (eV) of the carrier 
blodang layers, the thickness d^ (angstroms) of the carrier bioddng layers , and the energy gap of 
the waveguide layers (eV), (the minimum va ue Is employed in case there is a distribution in the enlrgy 
gap) 18 m the following range: 

The semiconductor laser device of daim 10. wherein Vo and V, are in the following range: 

Vo/3<Vi<Va. 
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FIG. 2 
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FIG, 15 
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THERMAL RESISTIVITY OF GaAlAs COMPOUND 
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The examination is being carried out on the following application documents: 
Text for the Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LU MC NL PT SE LI 

Description, pages; 

1 -5.7,9-1 8,21 -30 as originally filed 

6,8.19,20 as received on 21.04.2004 with letter of 

Claims, No.: 

2-8, 1 0-1 6 as originally filed 

"■•^ as received on 21.04.2004 with letter of 

Drawings, sheets: 

1/1 8-1 8/1 8 as originally filed 



16.04.2004 



16.04.2004 



The following documents (Dl - D2) is referred to in this communication; the numbering 
will be adhered to in the rest of the procedure; 

Dl : EP-A-0 785 602 (SHARP KK) 23 July 1 997 (1 997-07-23) 
D2: EP-A-0 660 472 (MITSUI PI) 28 June 1 995 (1 995-06-28) 

The present application does not meet the requirements of Article 52(1) EPC, because 
the subject-matter of the Independent claims 1 and 9 does not involve an inventive step 
In the sense of Article 56 EPC. 

1 . Independent Claims 



1.1 Claim 1 

Document Dl discloses (col. 9, I. 27 - coL 10, 1.20 and Fig. 1) a semiconductor laser 
device comprising: a substrate (Fig. 1, 101); a first conductivity type cladding layer 
(Fig. 1, 103); an emission layer (Fig. 1, 104); a second conductivity type cladding layer 
containing Al as a group III element (Fig. 1, 105, col, 9, 1. 37) and formed with a ridge 
portion (Fig. 1,113) and a current blocking layer (Fig. 1 , 109, col. 9, 1. 52), formed on 
said second conductivity type cladding layer around said ridge portion, containing Al as 
a group III element in this order, wherein the angle 3 of inclination on the side surfaces 
of said ridge portion with respect to the upper surface of said substrate is 90* or less 
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(col. 10 1.18) and the distance t between said emission layer and said current blocl<ino 

of °H "'■^ °' ridge pol:fs 

at ^st 0.S Mm and no, more than 5 Mm. „ we calculate , according ,o the fLula 

Claim 1, namely , <= o.27S/(1 - (X2 . xi), ,Mm) assuming tha, Xi represents the 

composmon ratio of Al in group III elements forming said second conductivity type 

sSlZ; ^ T"'"'' °' ^' 3-"" e'~7oling 

. bet^^n o JT'^ T ' """^^"'^ ^"^^ « ^ "PP-r limit of 

t behveen 0.275 Mm and 0.42 Mm depending on the choice of values for X1 and X2 

So „ satisfies the relation given in claim 1 .The dlHerence between the device as ' 

claimed ,n amended claim 1 and the device as disclosed in document D1 Is the use of 

^rner blocKIng layers. This soK^s the problem of con«„lng the calmo The actte 

hf ml .^iiT T "'"^'"^ "^'^ '° P™"^"' 1= *'<^^^' Known to 

corresponding effect to a dewce according to document D1 , thus arriving at a device 

strarld d ° ' ■ °' 1 not invoke an inJeZe 

step and does not satisfy the criterion set forth In Articles 52(1) and 56 EPC. 

1.2 Claim 9 

Il^fm 0 ""t^^^^ '° ''""'^ "^'"^ ' "PP'^ "^"^"^'^ »»^^ ^-'^t'ng method 

cla,m 9 . The subject-matter of claim 9 does therefore not involve an inventive step and 

does not satisfy the criterion set forth in Articles 52(1) and 56 EPC. 



2. Dependent claims 



The dependent claims do not appear to contain any additional features which in 

rilT'T''^ '"^^'^^^ ^'^'"^ they refer, meet the requi;ements of 

the EPC with respect to Inventive step (Article 56 EPC) the reasons being as follows: 

2.1 Claim 2 and 3 

Document D1 discloses (col. 9, 1. 44) the use of AIGaAs as upper cladding layer and of 
AIGaAs as current blocking layer (col. 9, 1. 53). The subject matter of daims 2 and 3 is 

therefore not inventive. 
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2.2 Claim 4 - 6 



and the^alues ZJZ "o ^Tl^^T^- ^"'"^ °' ' ' 
therefore r,ot inventive ' "^"^^ '='^<^^ 

2.3 Claim 7 and 8 

33, from whio. ^z^::,7.::xzzzT„rT'^'' 

wimou. me exe^ise of invent slZn oZnl'^Z"::^^' 

maner of cWm. 7 and 8 i. therefore not Invenllve ^""'^^ 

2.4 Claims 10-16 

(Artlol^se ^C, • '0-16 is th„. IS not inventive 

3- Conclusion 

novel and inventive. Furthermore even if in th! ! '"^ ^PP^^""^ 

inventive subieot mattor fh=n . However, if the applicant can find an 

obiections raiiTlTK T =°''^P°"<""9 =Wm should be filed. In addition to the 
««o Th.!?« !■ °' ^"'■''^ '<> points 

Amendments relating to the claims- 

- mey Should be drafted in the two part fom, as prescribed by Rule 29(1„a) and (b) 
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delimited against the most r^tevam prior art. namely D1 and D2- 

prescribed ,n Rule 29(2, EPC t^,^ anT ""^"^^'^ ^ <=atego,v, as 
accordance with Rule 29(4^ ^«»™P^nled by dependent claims in 

Amendments relating to the description: 

Of the documems rwWchlM ^ "«"«"<=ation 

• description -Trtrr^^r i^^ir^^^^^^^ - 

Furthermore, the applicant should indicate In the letter o, reply 
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